GH4C, cells (GH The insulin-and estradiol-induced increase in extracellular prolactin was caused by a specific increase in the rate of prolactin synthesis. The fractional increase in prolactin storage above the increase in prolactin production could not be explained by an increase in prolactin synthesis, an increase in intracellular transit time, or a change in the cell-cycle distribution of the population. Hormone storage can, therefore, be regulated independently from other processes which control hormone production.
INTRODUCTION
The GH3 rat pituitary tumor cell line was established in 1968 and has retained the ability to synthesize and secrete prolactin and growth hormone in vitro [1, 2] . Since that time, GH3 cells (GH cells) have been used extensively to study prolactin secretion in vitro. GH cells are a clonal strain and offer the advantage of consisting of a single cell type which can be propagated indefinitely in vitro. GH cells, however, store a much smaller proportion of the prolactin than they secrete compared to normal prolactin-secreting cells; they also lack the typical dense secretory granules seen in electron micrographs of normal mammotrophs [3, 4] . Although GH cells have re-409 tained some properties of the differentiated cell, i.e., prolactin synthesis and secretion, the lack of mature secretory granules and the relatively low intracellular levels of prolactin indicate that they have a reduced capacity for prolactin storage and that transformation has disturbed the normal pathways involved in the storage process. No studies have focused on changes in prolactin storage and very few have even reported intracellular prolactin levels. Increasing GH cell prolactin storage may make them suitable for studying pituitary function.
We tested the classical differentiating agents dimethylsulfoxide, isobutylmethylxanthine, butyrate, and insulin for their ability to induce increases in prolactin storage in GH cells. In addition, estradiol was tested because Haug et al. [5, 61 demonstrated that it increases intracellular prolactin and prolactin production in GH cells. Of these agents, insulin and estradiol increased prolactin storage in our studies. The following report is a review of our characterization of this effect. In addition to previously reported data, we [7] . We measured prolactin released into the medium and intracellular prolactin in cell sonicates by microcomplement fixation [2, 8] . Prolactin is reported in yg/106 cells or as the ratio of hormone-treated levels to control levels after normalization to cell number. Each treatment was performed in triplicate; the variation among samples was less than 10 percent. We used analysis of variance followed by the protected least significant difference to analyze the data statistically; all comparisons of hormone-treated to control mentioned in the text are significant (p >0.05) unless otherwise specified. [9] followed by electrophoresis on SDS 13 percent polyacrylamide cylindrical gels [10] . The incorporation of radiolabeled leucine into acid-precipitable proteins was determined on 0.2 ml fractions of the sonicates which were precipitated in 10 percent trichloroacetic acid (TCA). The ratio of 14C to 3H was determined for the prolactin and acid-precipitable proteins distributed along each gel. Potassium Depolarization of GH Cells GH cells were grown six days in the presence and absence of 300 nM insulin plus 1 nM estradiol. We replaced the medium with 1 ml of fresh FIO+ with and without hormones plus 50 mM K+ or an equimolar excess of Na+. After a 20-minute incubation at 37°C, prolactin released into the medium and remaining in the cells was measured.
Recovery of Intracellular Prolactin after Potassium Depolarization GH cells were grown and depolarized for 20 minutes as described above. Following the depolarization period, we replaced the medium with fresh medium with and without hormones containing normal Na+ and K+ concentrations. Intracellular prolactin was measured two and four hours later.
RESULTS

Insulin and Estradiol Increase Intracellular and Extracellular Prolactin
in GH Cells GH cells grown six days in the presence of insulin, estradiol, or insulin and estradiol together showed increases in intracellular and extracellular prolactin compared to control cells grown in Ham's F1O+ medium alone. The results of several experiments are summarized and shown in Fig. 1 . There was a 60 percent increase in intracellular prolactin after 180 nM insulin, a 60 percent increase after 1 nM estradiol, and a 190 percent increase above control values after insulin and estradiol together. Extracellular prolactin increased 40 percent with insulin, 20 percent with estradiol, and 50 percent with insulin and estradiol together. The effects of insulin or estradiol alone on intracellular and extracellular prolactin were not statistically significant in every experiment; when insulin and estradiol were used in combination, the increases in intracellular and extracellular prolactin were always significant. The effects of insulin and estradiol together on extracellular prolactin were additive, but insulin and estradiol acted synergistically to increase intracellular prolactin.
Insulin and Estradiol Slow GH Cell Growth
There were fewer cells per tissue-culture well after six days of treatment with insulin, estradiol, or insulin plus estradiol (Fig. 1 Fig. 3 ratio is specifically decreased for prolactin (not shown). We conclude from these studies insulin and estradiol specifically increase prolactin synthesis. The increase in prolactin synthesis is enough to account for the increase in extracellular prolactin but is not enough to account for the increase in prolactin storage.
Insulin and Estradiol Do Not Increase the Intracellular Transit Time of Prolactin
The intracellular transit time for prolactin is the time it takes for newly synthesized prolactin to be processed for release from the celt. If (Table 1) . Prolactin storage increased twofold in cells plated at 2 x 106 cells/well and nineteenfold in cells plated at 103 cells/well. The effect of hormone treatment on extracellular prolactin was less than the effect on prolactin storage at all cell densities tested producing twofold increases at most (not shown). We do not know the basis for the decreased response at high cell density but it does not appear to be caused by depletion of hormones or nutrients from the medium or the production of an inhibitory factor by the cells because the response to hormones is not affected by growing cells in volumes of medium ranging from 0.5 to 5.0 ml.
Hormone-Induced Stored Prolactin Is Released by Stimulation
High extracellular concentrations of K' depolarize GH cells [16] and result in a calcium-dependent stimulation of prolactin release [17, 18] . Figure 4A shows that prolactin stored in response to insulin and estradiol was also released by K+ depolarization. Fig. 4B show the recovery of intracellular prolactin levels after release was stimulated by depolarization. After incubation with excess K+ for 20 minutes, intra- Fig. 4 ). Prolactin storage returned to 90 percent of unstimulated levels by four hours in hormone-treated cells. This is in contrast to the four days of hormone treatment required to reach this level of storage initially (Fig. 2) . This indicates that hormonetreated GH cells retain their increased capacity for prolactin storage even after it has been depleted by acute stimulation with high concentrations of K+. The Presence of the Hormones Is Required to Maintain the Increased Storage Data in Fig. 5 show that removing insulin and estradiol from the medium after eight days of hormone treatment results in a decrease in induced prolactin storage. Intracellular prolactin levels drop 50 percent two days after hormone removal. Eight days after hormone removal, however, prolactin storage remains increased twofold over cells which received control medium for the entire 16-day period. Longer time periods were not tested so we do not know if prolactin storage would have eventually reached control levels. Induced prolactin storage in cells treated the entire 16 days with insulin and estradiol also decreased during the last eight days but not as rapidly as in cultures from which hormones were removed. Epidermal Growth Factor Enhances the Response of Prolactin Storage to Insulin and Estradiol A report by Schonbrunn and co-workers [19] showed that epidermal growth factor (EGF) increased prolactin synthesis, decreased cell growth, and increased cell volume in GH cells. These effects are qualitatively similar to effects of insulin and estradiol which we have observed, but the effects of EGF on intracellular prolactin were not reported. We measured prolactin storage in cells treated with EGF alone and in combination with insulin and estradiol. Data in Fig. 6 show that 10 nM EGF alone increased intracellular prolactin fivefold. Insulin did not affect the response to EGF. In contrast, estradiol and EGF acted synergistically to increase prolactin storage twentyfold. Although insulin did not affect the response to EGF alone, it enhanced the response to EGF and estradiol in combination producing a twentyseven-fold increase. These synergistic responses were specific for intracellular prolactin since EGF alone increased extracellular prolactin fivefold, but insulin, estradiol, or insulin and estradiol in combination did not [21, 22] and it is possible that effects on these molecules may influence prolactin storage. Both insulin and estradiol inhibited cell growth to a small extent. This effect is surprising since insulin is a mitogen in most cell cultures [23] and estrogens ad- [28] . These pools are affected differently by potassium stimulation. Similar investigations should be possible using prolactin-release inhibitory agents and may elucidate mechanisms involved in prolactin regulation.
